Previous research has shown that public knowledge and awareness of carbon dioxide capture and storage (CCS) is very limited. As a result, traditional surveys designed to collect public opinions about CCS do in fact assess so-called pseudo opinions. Pseudo-opinions are of very low quality because they are mostly unstable and inconsistent. Therefore, they are not predictive for public has been provided with factual information about CCS are likely to be of higher quality. Focus group discussions and Information-Choice Questionnaires (ICQs) are two research techniques frequently used in the CCS literature that aim to collect such informed public opinions. In this study, we examined which of these two research technique leads to the highest quality opinions (i.e., to opinions that are consistent, stable, and that people are confident about). Our results showed that ICQs yielded higher-quality opinions than focus group discussions. Practical implications and recommendations are discussed.
actual and future public support for or opposition against CCS. As compared to pseudo opinions, opinions expressed after the
Introduction
A considerable number of surveys have been conducted to examine public attitudes toward and knowledge of carbon dioxide capture and storage (CCS). Indeed, surveys constitute a proper way to assess levels of knowledge and awareness among the public. It has consistently been found that members of the general public have very little knowledge about CCS and are hardly aware of its existence [1] . For example, Curry et al. [2] found that in 2006 only about 5% of respondents in the United States had heard of CCS. As explained by De Best-Waldhober et al. [3, 4] and Malone et al. [1] , the fact that knowledge of CCS is very limited implies that surveys are not very suited to assess public opinions about CCS. That is, most people simply do not have an opinion about CCS. Yet, even when people indicate to have never heard of CCS, they often do not refrain from giving their opinion about the technology when asked. Such uninformed opinions are referred to as pseudo opinions or non-attitudes [3, 4] , which are lowquality opinions that are not predictive for actual support for or opposition against CCS.
Given the low public awareness of CCS, there is a need to educate people before asking them to express their opinions about CCS. Indeed, researchers have used several different techniques that examine public opinions after people have been informed about CCS, resulting in an assessment of informed rather than uninformed opinions. As compared to uninformed opinions, informed public opinions are of relatively high quality (rather stable over time and predictive of future attitudes and behavior) [5] [6] [7] . Among the most frequently used techniques to examine informed public opinions about CCS are focus group discussions (or related participatory group-based techniques) [8, 9] and surveys of informed opinion, most notably the so-called Information-Choice Questionnaire (ICQ) repeatedly administered by De Best-Waldhober, Daamen and colleagues [3, 4, 10] .
Both these communication methods are established methods in research on public perceptions of CCS and have in common that they address informed public opinions. That is, even though these methods differ in many regards (for a discussion of differences, see Ref. 11) in both these methods people are provided with relevant information about CCS before they form an opinion about the technology. However, it has remained unclear which of these communication methods is most effective in terms of the quality of opinions formed. The higher the quality of informed opinions, the better they can be used to predict and explain these people's future level of acceptance of CCS. Therefore, the question that this study aims to answer is: Which of these two methods (focus group discussions versus ICQs) results in the highest quality opinions? Before we describe the experiment that we designed to answer this question, we briefly discuss the main indicators of opinion quality proposed in literature on opinion quality that we used in the study.
Indicators of opinion quality
Price and Neijens [12] proposed opinion consistency and opinion stability as indicators of opinion quality (also see Ref. 6) . Opinion consistency can be defined as "the extent to which opinions are consistent with evaluations of related variables". In the context of CCS, opinion consistency can be assessed by looking at the strength of relationships between people's evaluations of the consequences of a CCS option and their general attitude towards (or choice for) this CCS option [4] . For example, one would expect that a person who believes that CCS is very dangerous and expensive also evaluates CCS as undesirable. Opinion stability can be defined as "the extent to which opinions are stable over time". One way to determine opinion stability is by assessing opinions about CCS at two different points in time and to examine whether shifts in opinions occur. A third indicator of opinion quality distinguished in the opinion strength literature [13] is opinion confidence, which can be defined as a subjective sense of conviction or validity about one's opinion [14, 15] . Opinion confidence in the context of CCS can be assessed by asking people whether they have been able to form an accurate impression about CCS and whether they are certain about their opinion about the technology. Based on the above, we define the effectiveness of CCS communication methods as "the extent to which CCS communications result in well-informed, wellconsidered and high quality opinions which are a) consistent, b) stable, and c) that people are confident about. Accordingly, should either of the two communication methods-focus group discussions or ICQs-prove to be superior to the other in terms of opinion quality, we would expect this to be reflected in higher opinion consistency, higher opinion stability, and higher opinion confidence for this method.
Focus group discussions and opinion quality
Focus groups are small groups of people who are invited to discuss a certain topic, in this case CCS. An expert presents the group members with information about CCS, after which the groups discusses the topic. A moderator usually guides the group discussion [16] [17] [18] . Focus groups have frequently been used to inform people about CCS and to measure their perceptions of the technology [8, 9] . However, despite the widespread use of focus group discussions, the literature offers only few empirical evaluations of the method. Focus group discussions may yield high quality opinions due to accountability effects. That is, members expect having to take a stand on CCS at the end of a meeting and to defend their point of view (i.e., they feel accountable). Accountability promotes more systematic information processing and information integration [19] . Moreover, the face-to-face interaction of group members and experts provides the opportunity to directly ask for clarification when information is not clear. Both the opportunity to ask questions and accountability may lead to higher quality opinions. On the other hand, disruptive group processes may inhibit the quality of opinions. For instance, group dynamics such as group think [17, 20] may occur, or group members may fail to exchange all unique (unshared) information that they have (and focus on shared knowledge only). Further, with a complex topic as CCS, group members can easily confuse each other so that their ability to integrate different pieces of information is reduced.
Information-Choice Questionnaires and opinion quality
The Information-Choice Questionnaire is the most elaborate form of surveys that aim to collect informed opinions [21] [22] [23] [24] . However, the aim of an ICQ is not only to provide respondents with the necessary information to reach a well-informed opinion, but also to individually help them process and integrate this information in order to reach a well-considered opinion. To stimulate information processing and to help respondents reach a decision, they are requested to give a quantitative evaluation of each consequence (a rating on a scale with 19 response categories ranging from -9 ''a very big disadvantage'' via 0 ''totally irrelevant'' to +9 ''a very big advantage''). On the basis of these quantitative evaluations, the subjective utility of each option may be determined to evaluate each option overall and to choose which option is preferred and which option(s) is (are) unacceptable. Based on experimental studies by Neijens [23] , there are reasons to expect that an ICQ results in high quality opinions. For instance, Neijens showed that information presented in statements about consequences which respondents should evaluate (as in an ICQ) is better processed than when the same information is presented in story form. Neijens [23] further proved that other elements of the ICQ procedure (e.g., a book-keeping system for respondents' evaluations of consequences) add to better information processing and information integration. De Best-Waldhober et al. [4] showed that opinions formed by means of an ICQ are relatively consistent and stable over time. At the same time, compared to focus group discussions, in an ICQ the opportunity to ask questions for clarification is non-existent, and accountability effects that are likely to occur in focus group discussions are not to be expected.
Method and results of the present research 1
The present research systematically compared the effectiveness (in terms of opinion quality) of focus group discussions to that of information-choice questionnaires. An experimental study was conducted in six European countries simultaneously: Germany, Greece, the Netherlands, Norway, Romania, and the UK. In each country, participants received identical factual information about CCS in general and country-specific information about two CCS options. This information was developed by British Geological Survey (BGS) in collaboration with the partners involved in the research. In developing the information, we also used previous research using ICQ methodology in which comparable information comprehensible for laypeople was developed [4] . We subsequently systematically varied the way the CCS information was revealed to participants. In each country half of the participants received and processed the CCS information in a focus group, whereas for the other half of participants this was done by means of an ICQ. Participants in both conditions were subsequently asked to state their overall opinion about each of the two CCS options. The quality of their opinions was determined by looking at three indicators of opinion quality: opinion consistency, opinion stability, and opinion confidence (cf. Ref. 6 and Ref. 12) . Should either of the two communication methods under examination prove to be superior to the other in terms of opinion quality, we expected this to be reflected in higher opinion consistency, higher opinion stability, and higher opinion confidence for this method. Important to note, for a meaningful comparison between both communication methods, we made sure that each focus group participant was paired with an identical ICQ participant (i.e., identical in education level, occupational category, age group, and gender) and that within each country the information presented in both experimental conditions was identical. Added over the six countries we had 183 participants in the focus group condition and 183 participants in the ICQ condition. Aggregation of the data collected in each country was necessary to carry out meaningful analyses
The results of the present study confirmed that participants in both experimental conditions indeed considered the CCS information provided to be factual and of high quality; they considered it to be unbiased, not one-sided, useful, comprehensible and valid. More important though, the results for the three indicators of opinion quality-opinion consistency, opinion stability, and opinion confidence-convincingly demonstrated that opinion quality was significantly higher after completing an ICQ than after participating in a focus group discussion. Hence, the present cross-national study shows that the ICQ is the more effective communication method of the two when it comes to communication about CCS, as it leads to significantly higher quality opinions that can be expected to be more stable over time and predictive of future opinions, intentions, and behavior. It should be noted, however, that focus groups were still doing quite well, which implies that if focus groups are well-managed and high-quality information (information that is relevant, valid, balanced, and comprehensible for lay people) is provided, focus groups can also lead to opinions of relatively high quality.
Implications
The results of this cross-national study show that the ICQ leads to higher quality opinions, as compared to focus group discussions. Of course, this is not to say that ICQs are preferred over focus group methodology at all times. Important to realize is that both methods require that high-quality information is developed (i.e., information that is relevant, valid, balanced, and comprehensible for lay people). Developing this information takes a lot of time and money. However, which method is most suitable depends on factors such as the target group (e.g., local communities, the general public, policymakers) and what one wants to establish (e.g., education, assess the general public's opinions about CCS, stakeholder engagement).
For example, researchers whose aim is to study informed opinions among a representative sample of a country's population (which would require a sample size of about N = 1000) may prefer to develop an ICQ. That is, the current study made use of rather small samples, but up scaling can be done against relatively low additional cost (i.e., costs additional to the costs of developing the CCS information). Hence, the significant costs associated with the development and deployment of the ICQ can be offset by the greater potential for large-scale applicability of this method. By contrast, it seems almost undoable in terms of both financial and personal resources to study informed opinions among a representative sample of a country's population by means of focus groups in that at least a hundred focus groups need to be run. For each group meeting, there are costs involved for hiring a well-trained moderator, selecting a well-established expert to present information during the focus group meetings, and locations for the focus groups to take place etc. etc. Further, to inform the general population about actual or planned CCS activities, an Internet version of the ICQ could be easily used without high additional costs compared to the largescale implementation of focus groups. The design and development of web-based ICQs on CCS is already in progress (in a project funded by the Global CCS Institute).
On the other hand, a focus group could be used to collect opinions of small samples. For example, in countries with actual or planned CCS activities (especially in the case of onshore CO2 geological storage), there may be the need for real interaction with people living nearby these activities (for example to identify common misperceptions and to understand people's reactions). In that case, it would be useful to conduct a certain number of focus groups at that specific location to promote dialogue and engagement of local stakeholders. Indeed, face-toface dialogue appears to be an effective way not only to communicate CCS but also to acknowledge the concerns of the local community.
As mentioned in the introduction, 'negative' intra-group processes may hinder information processing and integration in focus groups and, as a result, reduce the quality of opinions. To reduce disruptive group dynamics and to enhance information processing and integration, an interesting possibility could be to introduce a shorter version of an ICQ within a focus group meeting, this way combining oral and written information. One could for instance introduce a personal quiz during the expert presentations to avoid group processes such as group think and to limit the possibility that group rather than individual opinions are reported. In addition, combining quantitative and qualitative methodologies may offer a deeper understanding of public perceptions of CCS.
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